Eighty-six clinical isolates of Aeromonas hydrophila were studied for their ability to produce four exotoxins : a haemolysin active against rabbit erythrocytes, cytotoxin and enterotoxin detectable with Vero cell cultures, and the cholera toxin-like factor detected by an enzyme-linked immunosorbent assay. At least one exotoxin was produced by 80% of enteric and 96% of non-enteric isolates. The exotoxin profiles of non-enteric isolates were more restricted than those of enteric isolates, with haemolysin and cytotoxin producers preponderant. Although haemolysin and cytotoxin were produced by isolates from all sources, the enterotoxin and cholera toxin-like factor were more common amongst enteric isolates. The production of haemolysin and cytotoxin were closely related but the association between the enterotoxin and the cholera toxin-like factor was not significant.
Introduction
During the last two decades it has been recognised that Aeromonas spp. are significant pathogens in man. A . hydrophila, in particular, causes wound infections and septicaemia in immunocompromised patients. 9 Recent studies have implicated Aeromonas spp. as an important enteric pathogen in man, both in children3y and adults.'. This wide range of effects suggests that complex pathogenic mechanisms may be involved, in which strains of A . hydrophila possess several virulence factors in different combinations.
Strains of A . hydrophila and A . sobria produce potential virulence factors such as ~ytolysin,~ haemolysin (aerolysin),*. cytotoxic enter~toxin,'~ l o and a cholera toxin-like factor (CTF)ll which have been recognised as virulence factors in other enteropathogenic bacteria. Although these properties resemble those of enteropathogenic Escherichia coli and Vibrio cholerae, the role of these exotoxins in the pathogenesis of aeromonas infections remains unclear.
In this study the exotoxin profiles of A . hydrophila isolates from various clinical specimens were examined to elucidate the possible role of these toxins in the pathogenesis of aeromonas infections in man.
Materials and methods

Bacterial strains
Eighty-six clinical isolates of A . hydrophila from patients at the University Hospital, University of Malaya, Kuala Lumpur, Malaysia were examined. Received 16 Feb. 1990 ; revised version accepted 10 Oct. 1990.
They were from a variety of specimens including faeces from patients with diarrhoea, urine, pus, peritoneal dialysis fluid, blood, bile, throat swabs and tracheal secretions. The bacteria were isolated on oxblood agar (Oxoid), deoxycholate citrate agar (BBL) and biotyped with the API 20E system." All strains were stored at 4°C on Tryptone Soy Agar (Oxoid) slopes during the course of the study. E. coli WF5 (University of Surrey) of environmental origin was used as a heat-labile enterotoxin (LT)-negative control.
Preparation of culture filtrates
Cell-free culture supernates were prepared by the method of Cumberbatch et al. Bacterial strains were inoculated into Brain Heart Infusion Broth (BHI; Oxoid) and the cultures were incubated at 37°C with agitation at 100 rpm for 18-24 h. The broth cultures were then centrifuged at 12 000 g for 20 min, and the supernates were sterilised by filtration through 0.45pm filter acrodiscs (Gelman). The cell-free culture supernates were stored at 4°C and tested in assays within 2 weeks of preparation.
Haemo Iysin assay
Haemolytic activity was assayed as described by James et al. Cell-free culture supernate (1 00 pl) was added to each well of a 96-well microtitration plate and incubated with an equal volume of rabbit erythrocyte 1 % suspension in phosphate-buffered saline, pH 7.0, for 1 h at 37°C. Standards containing CrlOO% lysed rabbit erythrocytes were prepared and all samples showing haemolytic activity 2 50% haemolysed erythrocytes were described as positive for the presence of haemolysin.
Cytotoxin and enterotoxin assays
Vero cells at a concentration of lo4 cells/well in microtitration plates were used for the detection of both the cytotoxin and enterotoxin. [14] [15] [16] For the detection of cytotoxin activity, the cells were exposed for 18 h at 37°C to 50 pl of culture supernate. A positive response was recorded when 2 50% of the cells were lysed. Enterotoxin activity was assayed by exposing the cells for 18 h at 37°C to 50 pl of culture supernate that had been heated at 56°C for 10 min to denature any cytotoxin present." A positive response was recorded when 250% of cells showed morphological changes attributable to the cytopathic effect of the enterotoxin. Cholera toxin (CT) (Sigma) at a concentration of 10 ng/ml was used as a positive control for enterotoxin activity and culture supernate of E. coli WF5 was used as the negative control. the detection of CT, was used. Culture supernate (100 p1) that had been heated at 56°C for 10 min was added to GM 1 (monosialoganglioside) adsorbed to 96well Linbro microtitration plates (Flow Laboratories). After overnight incubation at room temperature, 100 pl of goat anti-CT (University of Surrey) at a titre of 250, and 100 pl of peroxidase-labelled mouse antigoat immunoglobulins (Dako-Patt, Dako Ltd) were added sequentially to each well and incubated at 37°C for 1 h at each stage. o-Phenylene diamine dihydrochloride (Abbott Laboratories, USA) (100 pl) was added as substrate and incubated at 37°C for 20 min after which the reaction was stopped by adding 20 pl 8 N H2S04. The plates were read spectrophotometrically at 492 nm with a Dynatech MR600 Microelisa reader. A negative-positive cut-off value for each plate was calculated from the average values of negative control wells + 2 SD. l 6 CT (Sigma) at a concentration of 100 ng/ml was used as a positive control. Culture supernate of E. coli WF5 was used as a negative control. Table I shows the exotoxins produced by A. hydrophila strains isolated from different types of clinical specimen. Haemolysin production was demonstrated in 58-91% of strains and cytotoxin in 63-96% of strains. In both cases the greatest proportion of toxin producers was amongst wound isolates (21 out of 23 for haemolysin, 22 of 23 for cytotoxin). Production of CTF was found in 1633% of strains, the highest proportion of producers was amongst stool isolates (12 out of 38). Enterotoxin production was detected in fewer isolates, 10-22% only.
Cholera toxin-like factor assay
Results
A comparison of the production of exotoxins by isolates from enteric and non-enteric sources is shown in table 11. Production of haemolysin and cytotoxin was commoner amongst the non-enteric isolates (85% each). Of the enteric isolates, only 58% produced haemolysin and 63% cytotoxin. However, production of CTF was more pronounced amongst enteric isolates (32%) than non-enteric isolates (25%). Enterotoxin production was not prominent amongst these isolates although there was an even distribution between enteric (1 3%) and non-enteric (14%) isolates. None of the isolates from blood produced enterotoxin. The exotoxin profiles of A. hydrophila isolates from clinical specimens are illustrated in table 111. A wide range of exotoxin profiles was seen amongst enteric isolates, although eight isolates gave negative results in tests for all exotoxins studied. The non-enteric isolates were restricted to a few exotoxin profiles, although two of 48 isolates gave negative results in tests for all exotoxins studied. The commonest exotoxin profile in both enteric (12 of 38) and non-enteric (25 of 48) isolates was Hly+/Cyt+/Ent-/CTF-. The next most frequently occurring profile was Hly+/ Cyt+/Ent-/CTF+ (6 out of 38 for enteric, 8 out of 48 for non-enteric). None of the isolates exhibited Hly+/ Cyt -/Ent '/CTF+, HLY +/Cyt -/Ent '/CTF-, or Hly-/Cyt+/Ent+/CTF-profiles. However, the Hly + /Cyt + /Ent +/CTF + profile, indicating the presence of all four exotoxins studied, was only produced by two of 48 non-enteric isolates. The Hly-/Cyt-/Ent+/ CTFprofile, indicative of production of enterotoxin only was found in one isolate from stool and another from peritoneal fluid. Table IV shows the relationship between the production of haemolysin and cytotoxin. With the exception of isolates from blood, a large proportion of non-enteric isolates (77-92%) produced both haemolysin and cytotoxin. The production of either haemolysin or cytotoxin only, was found in 16% of enteric isolates and in 8% of the non-enteric isolates. However, amongst the non-enteric isolates, only one of 23 wound isolates and one of six blood-culture isolates produced cytotoxin but not haemolysin. Similarly, haemolysin production independent of cytotoxin production was found in two of six blood-culture isolates but not in any wound isolates. Thus, 50% of blood-culture isolates produced either exotoxin alone. Other non-enteric isolates did not express these exotoxins independently.
The remaining 50% of blood-culture isolates produced both exotoxins in combination. However, as only small numbers of isolates from blood were studied, The relationship between the production of enterotoxin and CTF was examined (table V) . Only a small proportion of isolates produced both exotoxins, iwo (5%) of 38 for enteric isolates and two (4%) of 48 for non-enteric isolates (including wound and urine isolates). Production of CTF alone occurred in 26% of enteric and 21% of non-enteric isolates. The production of enterotoxin alone occurred in 8% of enteric and 10% of non-enteric isolates. Therefore, generally, there was more often dissociation between production of CTF and enterotoxin (34% and 31% respectively for enteric and non-enteric isolates). 10%). 
